Background: Monoclonal antibody treatments for metastatic colorectal cancer (mCRC) have distinct treatment-related safety profiles. This study aimed to elucidate the hospitalisation costs of adverse events (AEs) commonly associated with monoclonal antibodies when administered to patients with mCRC. Methods: This study extracted data for patients newly diagnosed with mCRC from a large US claims database from January 2005 to June 2008. The first distant metastasis diagnosis date was defined as the index date. Main outcomes were length of hospital stay (days) and hospitalisation costs (2010 US$) for AEs (identified by primary discharge diagnoses). All analyses are presented descriptively. Results: The study population (aged ≥18 years; n = 12,648) was balanced according to gender and was mainly aged 50 years or older (90.1%). Most patients had colon cancer (70.1%) as opposed to rectal cancer. Gastrointestinal (GI) perforation incurred the longest median length of stay (11.5 days) for hospitalisations, followed by wound-healing complications (7 days), arterial and venous thromboembolism (5.5 and 4 days, respectively), and congestive heart failure (4 days).
Introduction
Colorectal cancer (CRC) is the third most common cancer diagnosed in both men and women in the USA [1] . As such, CRC has been associated with the second highest cancer costs to Medicare (the US Social Security Administration reimbursement programme), with net costs increasing at later stages of diagnosis [2] . Studies have shown that substantial differences in costs of care for patients with metastatic CRC (mCRC) were found between mCRC disease phases. Inpatient care was the key driver of medical care in the diagnostic and death phases compared with outpatient care in the treatment phase [3] .
Improvements in the survival of patients with mCRC have been made over the past two decades with recent advances in systemic therapies, including monoclonal antibody treatments targeting the vascular endothelial growth factor (VEGF) such as bevacizumab or epidermal growth factor receptor (EGFR) such as cetuximab or panitumumab [4, 5] . Although monoclonal antibodies have improved outcomes, they have treatment-related toxicities. The safety profile of an anti-EGFR antibody however, is distinct from that of an anti-VEGF antibody. According to the "Warnings and precautions" section of the US product information (PI) documents [6] [7] [8] and the "Special warnings and precautions for use" section of the European Medicines Agency (EMA) Summary of Product Characteristics (SmPC) [9] [10] [11] , severe adverse events (SAEs) associated with the anti-EGFR antibodies, cetuximab and panitumumab, include serious infusion reactions, pulmonary toxicity, dermatologic toxicity, hypomagnesaemia and other electrolyte abnormalities. In contrast, the anti-VEGF antibody, bevacizumab, is associated with the following SAEs: gastrointestinal (GI) perforations, surgery and wound-healing complications, haemorrhage, non-GI fistula formation, arterial thromboembolism and hypertension [6] .
Adverse events (AEs) associated with mCRC treatments have the potential to impact healthcare resource utilisation and the overall cost of patient care [12] . However, few studies have evaluated the direct costs associated with treatment-related AEs of monoclonal antibodies in patients with mCRC. This claims-based cohort study aimed to elucidate the hospitalisation costs of AEs, documented in the literature and regulatory agencies approved labels as being associated with bevacizumab, cetuximab or panitumumab when administered to patients with mCRC, in order to provide source data for future cost-based evaluations.
Methods

Source Data
This US population-based study used claims data for patients with mCRC that were extracted from two of the To be eligible for inclusion within the study cohort, the first identified distant metastasis diagnosis had to be no more than 30 days before the first CRC diagnosis. The first distant metastasis diagnosis date was defined as the index date. Patients meeting these eligibility criteria were also required to have shown continuous enrolment for medical and pharmacy benefits for at least 12 months prior to the index date and there was no diagnosis for metastasis during this period. Patients were followed from the index date to death, disenrollment or end of the study period (June, 2008), whichever occurred first.
Outcome Measures
The main outcome measures investigated in this analysis were length of hospital stay (days) and hospitalisation costs (US$) per event for AEs associated with the monoclonal antibodies bevacizumab, cetuximab and panitumumab in the treatment of mCRC. AEs for inclusion in the analysis were selected from the "Warnings and precautions" section of the US PI documents [6] [7] [8] and the "Special warnings and precautions for use" section of the EMA SmPC [9] [10] [11] . Corresponding ICD-9-CM diagnosis codes for each AE were identified based on clinical input from a panel of three oncologists. As there are no designated ICD-9-CM codes for infusion reactions, the signs and symptoms related to infusion reactions were used as a proxy to identify hospital events for infusion reactions [13] .
Within the eligible patient cohort, all post-index hospital admission records were examined to identify hospitalisations for selected AEs based on primary discharge diagnoses corresponding to each of the following AEs: arterial thromboembolic event, congestive heart failure (CHF), dermatologic toxicity, fistula, GI perforation, haemorrhage, hypertension, hypomagnesaemia/electrolyte abnormalities, infusion reactions, neutropenia, proteinuria, diffuse parenchymal lung disease/interstitial lung disease (ILD), pulmonary haemorrhage/haemoptysis, reverse posterior leukoencephalopathy syndrome, woundhealing complication and venous thromboembolism.
Statistical Analysis
Average length of stay and reimbursement amount per hospitalisation was calculated from the total number of hospitalisation records for each AE examined in this study. The consumer price index (CPI) was taken into consideration to adjust all cost calculations to 2010 US$. CPI for 2004 to 2010 ranged from 5.7% to 9.0% [14] . Results of the analyses are presented descriptively asmean and median values. To be analytically meaningful, we only studied AEs with data for more than five hospital stays.
Results
Based on the selection criteria, a total of 12,648 patients with mCRC met eligibility criteria for inclusion. Patient demographics and clinical characteristics are shown in Table 1 . The study population was more or less equally divided by gender (54% men) and was mainly aged 50 years or older (90.1%), with a primary diagnosis of colon cancer (70.1%) as opposed to rectal cancer. Metastatic deposits were located in the liver in 40.2% of patients. As reported in Table 2 , the mean and median length of stay associated with the examined AEs ranged from 3.2 to 14.1 days and 2.0 to 11.5 days, respectively. GI perforation incurred the longest median duration of stay (11.5 days) followed by wound-healing complications (7 days), arterial and venous thromboembolism (5.5 and 4 days, respectively) and CHF (4 days). Wound-healing complications and GI perforation had the longest mean length of hospital stay (14.1 days and 13.8 days, respectively).
With respect to the hospital costs of the examined AEs, the CPI-adjusted, mean and median 2010 hospital costs per event ranged from $6475 to $66,224 and $6047 to $34,027, respectively ( Table 2) . GI perforations were associated with the highest costs (mean $66,224 and median $34,027), followed by arterial thromboembolism ($40,992 and $18,587), wound-healing complications ($36,440 and $21,163), ILD ($26,705 and $19,111) and acute MI ($22,395 and $15,223). By contrast, skin toxicity (mean $6475 and median $6110) and hypertension (mean $14,108 and median $6047) were associated with relatively low costs.
Discussion
The introduction of anti-VEGF and anti-EGFR monoclonal antibodies has broadened the treatment choices for patients with mCRC. Tolerability data from clinical trials of monoclonal antibody treatments for mCRC demonstrate that their respective safety profiles differ from one another.
In this analysis we identified that the costs of selected AEs associated with monoclonal antibody treatments for mCRC depended on the AE in question and that the associated costs varied greatly (from a median of $6047 to $34,027 and a mean of $6475 to $66,224). Across all AEs, GI perforations, arterial thromboembolism, woundhealing complications, ILD and acute MI were among the AEs with the longest lengths of stay and the highest hospitalisation costs. In contrast, skin toxicities and hypertension were associated with the lowest costs. Although some AEs had similar length of stay, they were associated with quite different total costs. For example, both skin and acute MI involved a median of 3 days inpatient stay but incurred median total costs of $6110 and $15,223, respectively. Length of stay is therefore unlikely to be the only driver of costs, instead variations in treatment intensity and wards where patients were treated are likely to be highly influential factors on treatment costs.
As with all retrospective claims-based analyses, the study findings should be viewed in light of some limitations. It is important to emphasise that the term "AE" has been used throughout this report to describe a complication in patients with mCRC that is consistent with the recognised AE profile of monoclonal antibody therapies administered to patients with mCRC [6] [7] [8] [9] [10] [11] . However, a causal link between any specific AE and any specific monoclonal antibody therapy was neither investigated nor identified and the frequency of the AEs was not reported by treatments. As this was an economic study, which only evaluated inpatient costs of individual AEs, our aim was simply to estimate the hospitalisation costs of the representative AEs in the mCRC patient population by hospitalisations having the primary discharge diagnosis the same as the AEs, with the assumption that the hospitalisation costs of specific AEs were to be the same regardless of cause. Additionally, only prevalent AEs were studied here as there were no, or not enough, hospital events identified for some relatively rare AEs. Finally, the difference between mean and median length of stay and hospital costs for some AEs vary substantially, which is generally consistent with the typical distributions of healthcare uses and costs. Both mean and median values were presented to inform appropriate interpretations of the findings.
Our study focused on estimating the hospital cost of monoclonal antibody treatment-related AEs in patients with mCRC at patient population level not at individual patient (or patient subgroup) level, as the cost of AE information is most likely to be used in economic evaluations at patient population level. The cost of AEs would be more accurate if it were assessed at individual patient (or patient subgroup) level; however, the use of the individual level cost information would be less practical in economic evaluations.
Our study sought only to estimate hospitalisation costs associated with common AEs and thus does not capture the full extent of costs associated with treating these AEs which may also be treated in the outpatient setting. We also made no attempt to measure costs applied to stays in an intensive care unit which could contribute significantly to total costs and also any indirect costs that would further contribute to the total costs incurred by healthcare systems and society. Furthermore, the claims data used in this study represent findings in the US population and may not be wholly transferable as a guide to costs in other countries. Ideally, if the sample size was large enough for each AE, a regression model which controls for covariates would be used to estimate the "expected values" of hospital costs. Due to small sample size, only averages of costs are described. However, standard deviation, minimum and maximum value and 95% confidence interval have been provided to assess the uncertainty around average estimates. This study estimated direct hospitalisation costs per event for prevalent AEs known to be associated with monoclonal antibody treatments for mCRC. The main finding from this study highlights that inpatient costs for those AEs vary substantially. The cost data reported in this study would be of particular value to the economic evaluations of head-to-head comparisons of monoclonal antibody treatments in patients with mCRC.
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